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ABSTRACT 
 

The purpose in the present study is to verify the removal of nitrous ion and ammonia 
from the seawater in the closed recirculation system for aquaculture by the ceramics 
containing anatase type titanium dioxide and baking bone dust (natural hydroxyapatite). 
Anatase type titanium dioxide was used as a photocatalytic functional element of the 
ceramics. The ceramics containing anatase type titanium dioxide prepared by burning 
for 2 hours at 700℃ showed significant removal of nitrous ion, but not ammonia, from 
water artificially contaminated with sodium nitrite and ammonium chloride under UV 
irradiation. These results suggest that the ceramics prepared with anatase type titanium 
dioxide and baking bone dust seem to be available to remove nitrous ion and ammonia 
from the seawater with UV-irradiation in the closed recirculation system for 
aquaculture. 
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INTRODUCTION 
 
  Recently in Japan, there are strong fears for food safety and food self-sufficiency, 
especially concerning marine products. On the other hand, there is a great demand for 
marine products because of increasing health awareness. However, with the reduction of 
juvenile nursery areas and the deterioration of water purification in sea environments, 
the self-sufficiency rate of marine products in Japan has been decreasing from year to 
year, while the imported marine products have notably been increased. In the 
Seto-Inland Sea in Japan, fish catches have also decreased drastically. To increase the 
fish catches, a novel fishery resource production system to improve the survival rate 
from juvenile to adult has been developed. A closed recirculation system for fish 
aquaculture in the in-land sea is a great industrial technology for fishery resource 
production.  
  To develop a useful novel closed recirculation system for fish aquaculture, efficient 

water purification is thought to be most important. In particular, removal of fish-derived 
high toxic substances such as nitrous ion and ammonia are an essential process in the 
closed recirculation system. Ammonia is excreted though physiological metabolizing by 
creatures, and thereafter, is oxidized naturally into nitrous ion by nitration bacteria. 
Nitrous ion is then oxidized to nitrate by bacteria, which is absorbed by plants as a 
nitrogen source. To realize efficient removal of nitrous ion and ammonia from water in 
the novel closed recirculation system, joint use of not only biological nitration but also 
chemical nitration may be required. A lot of methods have been developed for the 
removal of nitrous ion and ammonia from water (T.L.Hsiung et al. , 2008,  X. Zhu, et 
al. , 2007, H. Aunmin et al. ,2006, Y. Zhang et al. , 2009, Y. Ao et al. ,2008 and G. K. 
Prasad et al, 2009.) 

The purpose of the present study is to verify the removal of nitrous ion and ammonia 
from seawater in the closed recirculation system using ceramics containing anatase type 
titanium dioxide as a photocatalytic compound and baking bone dust as a natural 
hydroxyapatite. Anatase type titanium dioxide is used as a photocatalytic functional 
element of the ceramics. Titanium dioxide is powder, and therefore, when titanium 
dioxide is used in water, titanium dioxide should be fixed in some solid such as ceramic. 
In the present study, we prepared the ceramics containing anatase type titanium dioxide 
and/or baking bone dust, and investigated the removal of nitrous ion and ammonia from 
water by the ceramics under UV-irradiation. 
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EXPERIMENTAL 
 
Materials 
  Baking bone dust and titanium dioxide (TiO2) was purchased from EST Japan Co., 
Osaka, Japan. Ammonia solution (25%) and sodium nitrite were purchased from 
Masuda Chemicals Ltd., Takamatsu, Japan. 
Analytical methods 
  Baking bone dust was analyzed by X-ray diffraction (XRD) analyses. Photocatalytic 
activity was determined by ESR as the production of hydroxyradical from titanium 
dioxide with UV-irradiation. 
Photocatalytic activity 
  Method A; The ceramics containing anatase type dioxide from 0 to 50% were 
prepared by baking at 700℃ for 2 hours. The ceramics were added to 30ml of aqueous 
solutions containing 1mg/l nitrous ion in a glass beaker. UV (365nm) was irradiated for 
3 hours at room temperature from under the glass beaker bottom with an UV-illuminator 
(LM-20E; Funakoshi Co., Ltd, Japan). The UV intensity on the surface of the ceramics 
was approximately 2500μW/ cm2. The concentration of nitrous ion in the mixture was 
determined after UV-irradiation for 1, 2 and 3 hours. 
  Method B; The purpose of the present study is to verify the removal of nitrous ion 
and ammonia from water in the closed recirculation system using ceramics containing 
anatase type titanium dioxide as a photocatalytic compound and baking bone dust (5%) 
as a natural hydroxyapatite. The ceramics were added to 30ml of aqueous solutions 
containing 1.8mg/l nitrous ion and 0.8mg/l ammonia in a glass beaker. UV was 
irradiated for 72 hours at room temperature from top of the surface of the water in a 
glass beaker with a black light. The UV intensity on the surface of the ceramics was 
approximately 1500μW/ cm2. The concentrations of nitrous ion and ammonia in the 
mixtures were determined after UV-irradiation for 24, 48 and 72 hours. 
 

RESULTS AND DISCUSSION 
 
  Before preparation of the ceramics, we investigated the effect of baking temperature 
on the photocatalytic activity of anatase type titanium dioxide.Influence of baking 
temperature on photocatalytic activity of anatase type titanium dioxide is shown in Fig.1. 
The highest photocatalytic activity was observed at 700 ℃ , while the	 activity 
decreased at 800℃ and 900℃. The X-ray crystallography obviously demonstrated that 
the maximum formation of anatase type crystal was recognized at 700℃, while the 
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anatase type crystal was decreased and the rutile type crystal was newly produced at 
800℃ is shown in Fig.2. Finally, the anatase type crystal was disappeared completely, 
and the only rutile type crystal was observed at 900℃ . These results clearly 
demonstrated that anatase type titanium dioxide converted to rutile type titanium 
dioxide at 800℃. 
  The photocatalytic activity of anatase type titanium dioxide has been show to be 
stronger than that of rutile type titanium dioxide. Thus, in the present study, the 
ceramics containing anatase type dioxide from 0 to 50% were prepared by baking at 
700℃ for 2 hours. The X-ray crystallography shows the existence of anatase type 
crystal of titanium dioxide in the ceramics. Fig.4 shows the photocatalytic activities of 
the ceramics containing various concentrations of anatase type titanium dioxide. The 
ceramics prepared with more than 20% titanium dioxide exhibited significant 
photocatalytic activities. Therefore, we used the ceramics containing 20% anatase type 
titanium dioxide in the following experiments. 
  We investigated the effect of 20% anatase type titanium dioxide on the photocatalytic 
oxidation of nitrous ion and ammonia. As shown in Fig5, the ceramics containing 20% 
anatase type titanium dioxide prepared by baking for 2 hours at 700℃ showed 
significant removal of nitrous ion, but not ammonia, from water artificially 
contaminated with sodium nitrite and ammonia under UV-irradiation. On the other hand, 
the ceramics containing 20% anatase type titanium dioxide and 5% baking bone dust 
prepared by baking for 2 hours at 700℃ showed removal of both nitrous ion and 
ammonia from the water artificially contaminated with ammonia under UV-irradiation 
is shown in Fig.6. These results suggest that the ceramics prepared with anatase type 
titanium dioxide and baking bone dust seem to be suitable for removal of nitrous ion 
and ammonia in the closed recirculation system for aquaculture. 
  We speculated the mechanism regarding the oxidation of both nitrous ion and 
ammonia by the ceramics containing anatase type titanium dioxide and baking bone 
dust as following. Baking bone dusts fixed in the ceramics seem to be able to absorb 
ammonia and nitrous ions on the surface. Thereafter, ammonia and nitrous ions 
absorbed on the surface of baking bone dust were likely oxidized efficiently by anatase 
type titanium dioxide under UV-irradiation. Ammonia is excreted through physiological 
metabolizing by creatures, and thereafter, is oxidized efficiently to nitrous ion and 
finally nitrate by both the ceramics and nitration bacterias. We presumed that in the 
closed recirculation system and the ceramics would be very useful for fishery resource 
production. In future, we grapple with develop an efficient system and to increase rich 
in natural resources. 
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Fig.1. Influence of baking temperature on photocatalytic activity of  
     anatase type titanium dioxide. 

Fig.2. Influence of baking temperature on crystal structure of anatase type    
     titanium dioxide.   
     A: Anatase type crystal, R: Rutile type crystal.  
 
 

 

R   Rutile  type  crystal 
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Fig.4. Photocatalytic activity of the ceramics containing 20% anatase type  
     titanium dioxide. 
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Fig.3 The photocatalytic activities of the ceramics containing various concentrations of 
anatase typ titanium dioxide.   (◆)10%,(■)20%,(▲)30%,(○)40%,(×)50% 
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Fig.5. Ceramics containing 20% anatase type titanium dioxide and 5% baking  
     bone dust on the photocatalytic activity. 
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